plained of symptoms due to the vibrations, but countermeasures were not taken untill later. The working system and payment system in those times were different from the systems, today. The magnitudes of the chain saw vibrations were very large and the chain saws were operated for many hours, each day. Workers with VWF (vibration induced white finger) had to continue to operate the chain saws without restriction.
Vibration disease is related primarily to the vibration of the tools, but also to the transmission of the vibration to the workers.
From the official data on chain saws used in national forests, vibration transmission to the body was determined for workers from 1956 to 1984 by comparing the vibration magnitude on the body during work with modern chain saws and during vibration loading tests with an electrodynamic shaker in the laboratory.
The vibrations transmitted to the body in some rule in the observation.
If the working posture of chain saw operator was the same as today, the vibration transmission was determined from the tool vibration, tool weight, joint fixation and orientation of the hands and the hands and the arms to the handle (joint elasticity).
Older chain saws had 20 to 30 times larger vibration magnitudes than modern chain saws, and were also 2 to 3 times heavier.
The vibrations transmitted to the foreheads of earlier workers were approximately the same magnitude as the vibrations at the back of the hands of present workers.
Also the daily and annual hours of chain saw use were very long, and there were not sufficient measures to protect from the cold. The vibration in the former days led to more symptoms and lesions than in present times.
Introduction
In 1956 chain saws were introduced for cutting down trees and for sawing timber into pieces in the Kyusyu national forest (labour agreements collections). At first, one chain saw was used by two men in rotation, but after 1960 it was operated by one man. There was no la- The extent of the lesions is determined by the degree of vibration transmission and the absorption by the tissues.
In Japan there are some official reports concerning the magnitudes of vibrations from chain saw handles after 1960 (Yamawaki, 1980; Sasaki, 1985) performed to observe the vibration transmission and factors which influence it (AKASHI, ASE-12 and ASE-600). Sine curve vibrations of 25, 31. 5, 40, 50, 63, 80, 100, 125, 160, 200, 250 and 315 Hz were used for the loading tests.
The shaker was set to transmit a vibration horizontally to the subject's hand through the handle, as illustrated in Fig. 1 . The subject gripped the handle of the shaker and maintained a constant grip force which was displayed on an indicator (TOYODA, LOAD METER) that measured the output from a loadmeter mounted on the handle of shaker. The vibration was transmitted to the subject's hand in the direction of the longitudinal axis of his forearm and was monitored on the handle of shaker, the back of hand, the forearm and the forehead.
Results and Discussion
The analysis of the vibration and noise of the tools are shown in Table  1 and Figure 3 shows a vibration spectra of a chain saw being used to cut timber. Vibrations in the X and Z directions were larger than those in the Y direction.
The main component of the chain saw vibration was due to the piston rotation (7000 rpm) and was 125Hz. Other factors such as chain movement and cutting action were less intense than the piston rotation. The vibration in the Z direction showed the largest value in the handle, and it has a similar longitudinal axis as the forearm and thus transmitted more vibration to the body than the other components. Figure 4 shows the vibration transmission to the body from the handle of a shaker with fro and aft movements at frequencies of 25 to 315Hz. Five attenuation curves were obtained.
The back of the hand vibrated larger than the source vibration between 25 and 40Hz, but the vibration was attenuated by 5 dB between 60 and 200 Hz. The forearm vibration was 5dB smaller than the source vibration at 25Hz and was attenuated 10 to 12dB/octave above 25Hz. The upper arm and forehead vibrations were small, but the attenuation curves were very similar to those for the forearm.
When the subject rested his elbow on his thigh during the loading test, the vibration was also transmitted to his thigh.
The elastic modulus between the bones, and between the handle and hands influenced the vibration transmission. Figure 5 shows that all components of the vibration were transmitted from the handle to another mass without attenuation, if there was no elastic body between them; but it was amplified at low frequencies and attenuated at high frequencies, if there was an elastic body between them. That attenuation changed with the elastic modulus of the soft tissues.
The peak frequency was considered to be the reso- Sasaki, 1985) . Before 1965 the chain saws were used without restrictions, thus the levels of chain saw vibrations in 1965 were extended to 1956 in the figure.
The report indicates that the vibration magnitudes were 20 to 30 times larger at the handles of the old chain saws than at the handles of modern chain saws. After steps to introduce antivibration devices the vibration acceleration was reduced to less than 29. 4 m/s2 (3G). The weights of the old chain saws wers 2 to 3 times heavier than the modern chain saws.
The vibration transmission was dependent on the magnitude and the main components of the tool vibrations, and the elasticity or fixation, between the handle and the hand, and between the joints. tave multiplied by 0.5 octave, or 8 to 10dB by 10 to 12dB/octave by 0.8octave. The vibration magnitudes of older chain saws were 20 as to 30 times greater than modern chain saws, thus this becomes 26 to 30dB. Finally vibration transmission by older chain saws was 31dB to 40dB greater than by modern chain saws. Figure 8 shows the suspected vibration magnitude at some parts of the body as determined by the above formula. The vibration magnitudes at the foreheads of early chain saw users were the same as the vibration magnitudes at the backs of the hands of present chain saw users. Taylor stated that 8 to 15 of 1000 workers had to change their jobs, even after the introduction of AV-saws (anti-vibration chain saws) (Taylor, W. in Statement, 1981) . The vibration levels at the foreheads of earlier workers cannot be ignored, considering that vibration syndrome occured in those days. The next important factor to consider is how long they used the chain saws, each day, and how long those working conditions continued. Some differences were observed in the history of the occurrence of vibration syndrome and countermeasures taken in Japan and in other countries which use a forestry land to produce timber. Table 2 shows chronologically the working conditions, occurrence of vibration syndrome and care for patients after the introduction of the chain saw into the national forest in Kyusyu. Vibration syndrome broke out after the introduction of the one-man saw system in 1961, which prolonged the daily working hours with the chain saws. But no countermeasures were taken untill 9 years later. In 1970 workers with Raynaud's phenomenon were restricted in their use of chain saws and were given different jobs (labour agreements collections).
In 1975 vibrations at the handles of the new chain saws, introduced in the national forests, were less than 3G. In the same year the vibration magnitudes of chain saw handles were restricted to less than 3G by a notification. That notification was only applied to new chain saws.
In the USSR chain saws were introduced for cutting trees and sawing timber in the national forests in 1956, and the next year some workers complained of symptoms of vibration syndrome. The AV-saw was produced immediately and in 1958 temporary hygienic regulations to prevent vibration syndrome were developed by keeping the use of chain saws below 40% of the daily working hours, by providing warming rooms at the work places, by providing warm clothes and by introducing a special health check system. In 1966 this temporary regulation became a In England the chain saw was introduced into the national forests in 1961. The chain saws were used only for cutting down trees and the daily duration of use was about 1.5 to 2 hours. After 1967, the chain saws were also used for debranching, and the daily use increased to 4 to 5 hours (Taylor et al. 1971 (Turtiainen, 1974) . In the 1970's warm clothing and warming rooms at work places, and chain saws with anti-vibration devices and with warm handles were introduced (Pyykko, 1978) . Among forestry workers in every country vibration syndrome has become more common with increased hours of operating a chain saw. However there were differences from Japan, therefore the clinical features of Japanese patients were somewhat different from patients in other countries. Moreover the working environment in Japan was usually in the mountains, because almost all forests are in the mountains, and all the trees were cleared from an area, as shown in Fig. 9 . The worker had to stay in a forest cottage during the work week.
Vibration syndrome is a disease caused by vibration.
The vibration magnitude of the tools is very important. Vibration transmission influences the disturbances. The vibration magnitude at various parts of the body and the total exposure time are significant factors for inducing the (Sakurai and Matoba, 1986) .
Conclusions
The vibrations of tools differ depending on the power source, the use and the materials being processed. Eeach tool has distinctive components.
A large sharp component in the chain saw spectra appears between 100 and 200 Hz when used to cut timber. This is caused by the piston rotation in the gasoline engine.
The spectra of the transmitted vibration varies with the joint fixation, the magnitude and the spectra of the source vibration. Joint fixation is related to the elasticity between the handle and the hand, and the elasticity between the bones, and it influences the resonance.
Vibration attenuation curves in various parts of the body move from right to left with the resonance and move lower to upper with the magnitude of the vibration source.
The vibration magnitudes at the foreheads of chain saw users before 1965 was similar to the magnitudes at the back of the hands of present chain saw users. Also, the vibrations in the forearms of early users is the same as the vibrations in the handles of modern chain saws. Such poor working conditions continued for at least 9 years in the Kyusyu forests.
